Abstract. The influence of vibration on human body is an issue that from several decades is a subject of many research and experiments. But most of these research concern on negative influences on human body. The paper presents methodology and results of research conducted on bus drivers of National Urban Transport in Tychy. The study involved fourteen drivers. First stage of the experiment included biomechanical and medical tests. After that psychological tests were made determining such factors like personality characteristics and stress resistance. Second stage included monitoring of psychomotor condition of drivers during night and day shifts, before and after work.
Introduction
Bus drivers of the public transport have various physical factors in their workplace. The most significant influence on the driver's body have noise and vibrations, both hand-arm and whole body vibration [1] . These factors cause functional and physiological effects [2] [3] [4] [5] . Drivers are exposed to deterioration of their health and occurrence of occupational diseases [6] .
Working as a bus driver is considered a high-risk group for the appearance of workrelated stress [7] , this classifies it into professions that require special psychomotor skills. Drivers are required, on the one hand, to set specific ethical standards or skills for social functioning and, on the other hand, irreproachable mental health and specific psychological and cognitive traits. So, it is true that the driver largely determines the proper functioning of communication in both urban agglomerations and off-shore centers as well as has an influence on the safety in public transport [8] . Evidence of the importance of the occupation of the bus driver in public transport is the number of publications on this subject. At the same time, in Poland as well as in many European countries, a new field has been formed from applied psychology dealing exclusively with the driver's profession. This field is the transportation psychology. Its competencies include periodic driver examinations of response parameters, visual coordination, perceptual sensitivity and resistance to stress-generating situations.
Among the many factors of the drivers' working environment, that adversely influence driver's health and psychophysical efficiency, stress has a significant role [3] . Driving a bus under heavy traffic conditions (currently the norm) is a challenge at the present time [9] . The scope of driver's duties is differential. It forces the driver to perform several tasks simultaneously -observing the road and the inside of the vehicle, reacting to the changing road situation, maintaining the time regime. Simultaneous contact with the passengers and controlling the emotions accompanying with these activities lead in consequence to a state of permanent stress [10] .
Many studies conducted on drivers (including bus drivers) describe the most common physiological changes accompanying with work. These are: high blood pressure and pulse rate, accelerated breathing with congestion, excessive sweating and muscle fatigue. The consequences of these changes are:
x diseases of the circulatory system including increased mortality x bone diseases, mainly degeneration of the spine x psychosomatic diseases (peptic ulcer disease) x obesity In addition to the costs associated with physical health, constant fatigue and forced position lead to disturbances in the nervous system and its functional representation [11] . This mainly concerns visual and motor coordination and cognitive functions, including attention deficit disorder. Constant tension of skeletal muscles (especially upper limbs) causes movements to become inaccurate. The effectiveness of motor activities decreases.
The nervous system often reacts in a defensive manner to the whole body. Nervous system previously fatigued than the rest of the system protects the entire body from exhaustion. It makes possible to maintain a functional reserve.
Additional disadvantages are external factors. They are excessive noise, vehicle vibration, exhaust emissions, poor visibility and unfavorable meteorological conditions. It should be added, however, that bus drivers are a professional group subjected to periodic selection [12] . Workers with special psychophysical features are admitted to this type of work, characterized by easiness of adaptation to difficult working conditions. This article presents the process and results of studies of bus drivers of the National Urban Transport in Tychy (Państwowa Komunikacja Miejska w Tychach).
Purpose and methodology of research
The aim of the study was to determine the influence of the working environment of city bus drivers working in a two-shift system on their cognitive and motor skills.
The study involved fourteen bus drivers employed in the National Urban Transport in Tychy. The criterion of inclusion in the experiment was the admission of the driver to work on the basis of valid periodic medical examinations and psychological tests as well as the dispatcher agreement. The tested drivers are only men aged 24 to 49 years. These studies were conducted in two ways.
The first stage of research was related to determining the working conditions of the bus driver. For this purpose, the driver's seat was subjected to vibration and measurements of whole body vibrations were made in accordance with existing regulations [13] . For the measurement, a four-channel sound and vibration SVAN 948 sensor, which is mounted on the driver's seat was used. The measurements were carried out during driving with passengers on urban and suburban roads. Research was performed during ride on a full bus route. In the conducted experiment, the measurements included drivers working in two shifts system on seven buses.
The second stage of the research concerned the cognitive and motor skills of the examined drivers. A computer-aided set of psychological tests of cognitive and motor skills was used for the research. The set consisted of a computer, keyboard and exposition monitor. It is a non-invasive method i.e. it does not directly affect the person's body. The study consisted of performing the commands and research tasks displayed on the monitor. The results of the research are two parameters: time of performance and the level of accuracy. The device identified, among others, time of motor response to task stimulus and number of correct and incorrect responses. On the basis of the obtained data it was possible to determine the current level of changes in the organism of a subject under the influence of a specific factor (stimulus). In the research following tests were used:
x Line Test Efficiency test of perceptual vision (focus and selectivity of the image) and attention. The task of the investigated person was to enter on the keyboard the correct number of horizontal lines displayed on the monitor.
x Summary Test Studying the speed and efficiency of memory-based operations, attention (dividing and concentrating), and perceptiveness. The task is to execute in memory the operation of adding numbers displayed on the monitor and then typing the result on the keyboard.
x Memory Test Research on the function of attention and memory task (operational memory). The task is to execute in memory the operation of adding numbers displayed on the monitor and then, after some time, typing the result on the keyboard.
x Test of letters substitution Visual-motor coordination and concentration on the task. In this task, the investigated person searched in the letter collection the assigned numbers from which he "constructed" the specified word.
Each of the tests consisted of three parallel test matrices based on difficult-to-remember simple task formulas. This limited the ability to learn text tasks in the next study. All measurements were performed under repetitive conditions. These measurements represent a pilot study. The obtained results show the highest weighted value of vibration acceleration in the Z direction, which is the main vertical axis of the driver (along the spine). With regard to exposure to vibration at the workplace this limit level for 8 is equal 0.5 m/s 2 [13] , exceeding the values stated in the regulation, the employer is obliged to take actions reducing the occupational risk.
There is a low dependence of the observed vibration acceleration on the mileage of the vehicle. In all vehicles, the driver's seat was characterized by high vibration damping ability. In the case of cognitive and motor efficiency tests, the examined drivers used a computeraided set of psychological tests examining cognitive and motor skills. The study consisted of performing the commands and research tasks displayed on the monitor. The results of the study were two parameters: time of performance and the level of correctness.
The device identified, among others, time of motor response to task stimulus, number of correct and incorrect responses. On the basis of the obtained data it was possible to determine the current level of changes in the organism of the subject under the influence of the stimulus. Measurements were made three times:
x First measurement on the second day of the experiment (morning group 2R and afternoon group 2P), x Second measurement in the fourth day of the experiment (morning group 4R and an afternoon group 4P), x Third measurement in the sixth day of the experiment (morning group 6R and an afternoon group 6P). Only the execution times of individual test tasks were analyzed. Line Test results are presented in Figure 1 , and the t-test for dependent samples are listed in Table 2 . As can be seen from the above table, the duration of the test in the Line Test significantly decreases in the second study (compared to the first one) p < 0.01, whereas in the third study the change compared to the second test is not statistically significant.
Summary Test
The results of the Summary Test are presented in Figure 2 and the test values for the dependent samples are listed in Table 3 . In Summary Tests from sample to sample the performance time is improved, all differences statistically significant at least p < 0.001.
Memory Test
The results of the Memory Test are presented in Figure 3 and the test values for the dependent samples are listed in Table 4 . In the Memory Test, clear effect of the acquisition of practice can be seen. Any subsequent attempt brings significantly lower (better) execution times of test tasks.
Test of letters substitution
The results of the Test of letters substitution are presented in Figure 4 and the test values for the dependent samples are listed in Table 5 . In the Test of letters substitution, the differences in execution times between the various tests are statistically significant. 
Conclusions
The results from the individual measurements clearly show the ability to adapt to the task. The selection of professional predispositions enables the selection of persons of exceptional psychomotor efficiency, in a sense of protection the selected group of drivers against the burden of workplace specificity. It should be remembered that the measurement of psychomotor efficiency is one of the components of a wider project exploring the influence of the external environment (including noise and noise) on the driver of the bus. Features such as personality can also play a significant role in the profession of bus driver [14] .
While the health implications of the driver have a negative dimension, then in the cognitive dimension stimulation of the nervous system can be positive. At the same time, in all four tests there is an improvement in the "afternoon" group (the first seven drivers are in the morning group, the next seven are in the afternoon group). Although the differences 
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23 between the two groups did not reach statistical significance but the shape of the curve suggests the influence of the time of day on the results, which requires verification.
